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Preface

NIURY SCIENCE encompasses a broad range of disciplines beyond those in the natural

sciences. Research in this field has direct implications on daily life, generating knowledge that
contributes to the prevention, treatment, and rehabilitation of injury. Injury Science also deals
with arens such as the social and economic effects of injury on the individual and on society as a
whole. The Twenty-Eighth Intermational Workshop on Human Subject Biomechanics addressed
a range of subjects, in Injury Science research, presented in 16 chapters involving component
and system levels of the human body. The contributions range from areas of research in injury
response of the human brain resulting from shear deformation to advancements in the
understanding of eye and ear injuries. Physical devices for the study of close-proximity air bag
injuries, for material testing of bone, and for the detection of bone fracture were also advanced as
parts of studies conducted to better understand injury mechanisms. Research on the injury of the
cervical spine for both adults and children was presented along with research on child dummy
neck loading response under different child restraint system environments. Contributions also
include computational models for the development of the advanced Thor dummy and the
inverse-dynamic assessment of dummy response during crash tests. The proceedings of this
workshop are documented here in 16 submitted papers that have not been peer reviewed with the
responsibility of submittal for peer review left to the individual authors.

Faris A. Bandak, PhLD.
Cambridge, MA

i






Acknowledgements

The Twenty-Eighth International Workshop was successfully held as a result of the
contributions of all the participants, including the authors and presenters. Special thanks are
extended to the session chairs: Dr. Farid Bendjallal, Dr. Jefl Crandall, Dr. George Mouchahoir,
Dr. Barry Myers, and Dr. Steve Rouhana. Special thanks are also extended to the NHTSA staff;
the Volpe National Transportation Systems Center stafl} T. Nguyen, Workshop Administrator
Planner; Wendy Barhydt, Society of Automotive Engincers Meeting Planner; and Leda Ricei,
Executive Director of the Stapp Crash Conference Advisory Commuttee, for their assistance in
the preparation and conduct of the Workshop,

Many thanks are also extended to the authors and presenters for their contributions that
made this workshop a very useful and beneficial experience for-all the participants,

Faris A. Bandak, Ph.D.
Chair






Contents

T T U i S e S B e e e i

a1 et e e e st ST e e P LR S e e

Nonlinear Viscoelastic Behavior of Brain Tissue in Oscillatory Shear Deformation...............

K.K. DARVISH., J.R. CRANDALL

The Porcine Eve as a Surrogate Model for the Human Eve: Anatomical and Mechanical
Relationships ...
S.M. DUMA, E. D FDWER J D an ZEL M "'u" H:.RN[GAN I F HERRLNG
R.B. DUNCAN, J.P. PICKETT, C.R. BASS

A Method ftor the Study of Close-Proximity Occupant-Air Bag Interactions.......................

F.A. BANDAK, P.C. CHAN, K.H. HO, Z. LU

Understanding and Minimizing Error in Cervical Spine Tensile Testing.......coccovvnveciiiiennne

V.C. CHANCEY, C.A. VAN EE, R.W. NIGHTINGALE, D.L. CAMACHO,
B.5. MEYERS

Tensile Mechanics of the Developing Baboon Cervical Spine............
D.J. NUCKLEY, M.P. ECK, 5.M. HERTSTED, S.K. MTRZ& R.P. CHING

Assessment of Auditory Hazard Resulting from Air Bag Deployment Noise........oocciacinan

P.C. CHAN, J.H. STUHMILLER, F.A. BANDAK

Dynamic Crack Detection in the Human Tibia Using Acoustic Emission ...

J.R. FUNK, C.R. BASS, R. RUDD, I.R, CRANDALL, L. TOURRET,
C. MCMAHON

Effects of Lateral Impact on the Mechanical Properties of the Pubic Symphysis and

ol TR By e nn e o so s Do e T L S e e

AW, EBERHARDT, G.J. DAKIN, J.A. VIERA, 1.E. ALONSO

Characterization of Deformable Materials in the THOR Dummy ..o

D.Y. JEONG, P. KWOK, J.V. CANHA

vii

3

Bt | |

L

8BS

9

105

125



The Effect of Initial Head Pitch and Subject Size on Head X-Acceleration and
Head/Neck Rotation during +Gz Impact Acceleration ... 159
E.M. YLINIEMI, M. ZIEJEWSKI, C.E. PERRY

Mechanical Testing of Bone with Non-Standard Techniques ... 171
E.C. ELEFTHERIOU

Analysis of Air Bag Loads by Inverse DyNamics ... w191
P.C. CHAN, W. SHEN, F.A. BANDAK

Child Dummy Neck Loading During Frontal Impaet Crash Tests for Child Restramts
Installed With and Without Top-Tether Anchorage Systems ... weenenee 201
M. LLOYD, G. WILSON, D. ROBERTS, B. DONNELLY, A [‘ BI I I MER JR

Velocity and Level Dependent Facet Joint Kinematics in Low-Speed Rear Impact.............. 213
B.D. STEMPER, N. YOGANANDAN, F.A. PINTAR

Injuries of Abdominal Organs.... e ess DR — { |,
1. KOVANDA, H. KOVANDOVA

Instrummmtmn of thv:: Cervical ‘7»]:||n!: 11}? Fixing Sensors on the Anterior Part
P. F{J'I Il:lLJ I‘ LAS&.&U

viii



